During the life cycle of a cell, diverse biological events such as deoxyribonucleic acid (DNA) replication and nuclear division must be coordinated so that they occur in the proper order. Exactly how these events are coordinated is not known, but there is growing evidence that differential gene expression, manifested by restricted periods for the synthesis of individual proteins, may play a role in this coordination process (10) . In mammalian cells, studies of the synthesis of nucleohistones have shown that this class of proteins accumulates in the nucleus only during the S phase of the cell cycle (1, 3) . Nonhistone, DNA-binding proteins have also been shown to have periodic synthesis (15) . The strongest evidence in favor of periodic protein synthesis has come from measurements of enzyme activity in synchronous cultures of yeast (2, 5) . Whether enzymes are synthesized in a periodic manner because they play a role in control of cellular events at a specific period in the life cycle is not yet known.
Ribonucleic acid (RNA) of the eukaryote cell is synthesized throughout the cell cycle (10). Tauro et al. (17) have presented evidence suggesting that in Saccharomyces cerevisiae the rate of synthesis of ribosomal RNA is constant throughout the cell cycle. However, messenger RNA synthesis has never been subjected to this type of an analysis. Yeast messenger RNA contains polyadenylic acid [poly(A)] (4, 8, 14) . Since it is possible to readily isolate poly(A)-containing RNA from bulk cellular RNA by virture of its ability to hybridize to oligodeoxyribothymidylic acid [oligo(dT)]-cellulose, a study of the relative rate of synthesis of poly(A)-containing RNA throughout the cell cycle was carried out using this methodology.
A variation of a procedure first described by Sebastian et al. (16) crease in size throughout the cycle and thus can It is based upon the fact that yeast cells inbe separated into the various stages of the cycle by zonal sedimentation through a sucrose gradient. To document the efficacy of the procedure the appearance of several known cell cycle markers was analyzed. These markers have been described as "landmarks" by Hartwell (6) because they are discontinuous events that occur during a defined interval in the cycle.
The DNA of S. cerevisiae replicates at a discrete interval early in the life cycle of the cell (12, 18, 19, 20) . An asynchronous yeast population was labeled overnight with ['4C]adenine (at a concentration sufficient to ensure linear uptake of radioactivity) and fractionated by zonal sedimentation. DNA content per cell was measured by determining the cell number and the alkali-resistant, trichloroacetic acid-precipitable radioactivity in each fraction of the gradient (19) . The distribution of cells throughout the gradient and the 14C counts per minute in DNA per cell are shown in Fig. 1 . The entire cell cycle is displayed in 16 fractions of the gradient. DNA content doubles in four to five fractions, an interval that corresponds quite closely to that fraction of the cell cycle occupied by DNA replication (19) .
Buds emerge from the cell at the end of the Gl phase and grow in size throughout the cell cycle (9) . This is the most convenient landmark to assess since it can be monitored by direct visual examination. Cells were harvested and separated by zonal sedimentation (Fig. 2) .
Fractions of the gradient were collected, and the total number of cells in each fraction, along with the distribution between budded and unbudded cells, was determined. The percentage of cells with buds for each fraction is shown in Fig. 2 . Bud emergence, a discrete event in the cell cycle, occurs as a step in one to two fractions of the sucrose gradient. Thus, the data presented above confirm that the zonal sedi- (Fig. 3) . The RNA was extracted from each fraction and chromatographed on small columns of oligo(dT)-cellulose, and the radioactivity in poly(A)-containing RNA and RNA that does not bind to oligo(dT)-cellulose was determined. Ribosomal RNA does not bind to oligo(dT)-cellulose using our conditions of chromatography (4) . Thus, the majority of the pulse-labeled RNA that does not bind to the columns is precursor ribosomal RNA (4) .
The data presented in Table 1 , columns 2 and 3, show that the distribution of pulsed label between poly(A)-containing RNA and RNA that does not bind to oligo(dT)-cellulose does not vary significantly from fraction to fraction. Thus, if there is only one nuclear pool for the nucleoside triphosphates, we conclude that the relative rates of synthesis of poly(A)-containing RNA and ribosomal RNA do not vary significantly during the cell cycle. Based on the observation that the rate of synthesis of ribosomal RNA is constant throughout the cell cycle (17) , we conclude that the rate of synthesis of poly(A)-containing RNA is also constant. This conclusion is supported by the data presented in column 4 of Table 1 , which demonstrate that rapidly chilled, harvested, and fractioned by zonal sedimentation as described in the legend to Fig. 1 . The cells from each fraction were suspended in 0.4 ml of sodium dodecyl sulfate (SDS) buffer [0.1 M NaCl-20 mM ethylenediaminetetraacetate-20 mM tris(hydroxymethyl)aminomethanehydrochloride pH 7.5-0.5% sodium dodecyl sulfate). Carrier cells (1.4 x 108) in 0.3 ml of SDS buffer were added to each fraction. Nucleic acids were obtained from each fraction in the following way. The cell suspension was transferred into the chamber of an Eaton press (a kind gift of Walter Vincent, University of Delaware) that was maintained at dry ice temperature. The quick-frozen cell suspension was forced through the 1-mm orifice of the chamber by application of 10,000-lb./in2 pressure. Then the extract was quickly brought to room temperature, and cell debris was removed by centrifugation for 10 min at 4,500 x g. The extract was brought to 2 ml with SDS buffer, and the nucleic acids were isolated using the SDS-hot phenol-chloroform method described by Penman (13) . The RNA in each fraction was passed over a column of oligo(dT)-cellulose and fractionated into nonbinding RNA and poly(A)-containing RNA as previously described (8) .
b Refer to Fig. 3 . SEM, Standard error of the mean.
the actual amount of isotope incorporated during a 3-min pulse into poly(A)-containing RNA per cell is essentially uniform during the cell cycle. Thus, taken together, the data suggests that the synthesis of ribosomal RNA and polyadenylated messenger RNA is constant throughout the cell cycle. Continued metabolism of RNA during the synchronization procedure may have changed the fraction of labeled RNA that binds to oligo(dT)-cellulose. However, this is unlikely to be a major problem because the fraction of RNA that binds to oligo(dT)-cellulose reported here and its size distribution are very similar to these parameters obtained for RNA extracted directly from an asynchronous population of cells labeled for 3 min with [3H]adenine (data not shown). Certainly, this study does not rule out the possibility that the synthesis of some species of mRNA are restricted to a particular time in the cell cycle. Messengers that constitute a small fraction of the poly(A)-containing RNA or which are devoid of polyWA) would have gone undetected in this analysis. Thus, a rigorous test of the periodic synthesis of specific messengers must await their isolation.
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